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Recently, Müller and Nentwig (2011) reviewed the plant pathogens that have been 
considered for biological control of the weed Cirsium arvense (L.) Scop. (Canada this-
tle, Californian thistle, creeping thistle), and concluded that the prospects have been 
largely overestimated. The premise of their conclusion is that no bioherbicide products 
have achieved marketability, which they surmise is due to lack of host specificity, effec-
tiveness, and issues with application. While it is true that no microbial products have 
achieved marketability for this weed, we believe their reasoning for this is erroneous, 
and likely due to lack of distinction between two biocontrol approaches, specifically 
classical biocontrol, and innundative biocontrol (often referred to as the biopesticide 
approach). These two different types of biocontrol have different goals, and are applied 
in different ways.
Generally, in classical biocontrol, coevolved insects or pathogens from the native 
range of a weed are imported and released in regions where the weed has been intro-
duced, and has become invasive (McFadyen 1998; Watson 1991). Classical biocon-
trol is permanent, and when successful, requires little or no continued management 
input. The goal is not eradication, but rather to suppress weed populations to a level 
where they are no longer problematic. When importing natural enemies (insects or 
microbes), assurance of safety to non-target plants is paramount, and often requires a 
high degree of host specificity (Barton 2004; Berner and Bruckart 2005).
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In the introduction to their paper, Müller and Nentwig (2011) summarise the 
insect biocontrol agents that have been released (classical biocontrol agents) (Cripps 
et al. 2011), and noted a gap in the review literature, the potential of pathogens as 
biocontrol agents. However, since they failed to explain the two biocontrol approaches 
it is worth noting that to date no microbial pathogens have been intentionally released 
as classical biocontrol agents for C. arvense, although there is a current active program 
searching for potential pathogens suitable for release as classical agents against this 
weed. Recent foreign exploration has been focused in north-western China, a little 
explored region of the native range of C. arvense. Potential classical biocontrol patho-
gens include the white blister rust, Pustula cf. spinulosa and more aggressive strains of 
the rust, Puccinia punctiformis (Li et al. 2011). Ongoing tests with these, and other 
pathogens, will determine if they are suitable for release as classical biocontrol agents 
(H. Hinz, personal communication).
Other than the recent initiative to find classical biocontrol pathogens, all of the 
microbes researched to date, including all those reviewed by Müller and Nentwig, have 
been considered for innundative control, or microbial agents that could be utilised as 
bioherbicides. This is a different type of biocontrol compared to the importation and 
release of natural enemies from the native range. In contrast, innundative biocontrol 
typically does not involve importing new species, but rather utilises species already 
present, often cosmopolitan generalist microbial pathogens. Innundative biocontrol 
involves the mass release or application of a pathogen, typically in the same manner as 
conventional pesticides. The goal is short term (e.g. growing season), but substantial 
control, that will often require repeated applications.
Specificity of bioherbicides
Müller and Nentwig insistently raised the issue of specificity and claimed that: “The 
primary reason for the failure of most of the tested plant pathogens against C. arvense is the 
missing host specificity”. There are many constraints in the development and registra-
tion of bioherbicies, but least among these is specificity (Auld and Morin 1995). The 
most successful bioherbicides of the past 30 years (e.g. DeVine, COLLEGO, BioMal, 
Chontrol) are not host-specific, but capable of infecting a relatively broad range of 
plant species (Bailey 2010; Charudattan 1990). Despite their broad host range, a thor-
ough understanding of the biology and epidemiology of the pathogens has allowed 
their use without any adverse effects to non-target plants, or environmental hazards. 
Bioherbicides are intended to be used in selected sites, with care taken to avoid areas 
with potentially susceptible non-target plants, as indicated on the product label. The 
pathogens selected for development into bioherbicide products do not naturally spread 
far from their site of application, which is why they need to be spread, typically by us-
ing conventional pesticide application equipment, in order to be effective.
Sclerotinia sclerotiorum is an example of a fungal pathogen with a broad host range, 
but suitable for use as a bioherbicide to control C. arvense in permanent pastures. Un-
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fortunately, Müller and Nentwig (2011) misconstrued some of the studies with this 
pathogen in their statement: “...as its spores spread easily, its use on pastures may cause 
hazards after changes of land use and for adjacent areas, even if a safety zone is allowed.” 
Contrary to their interpretation, the risk analysis revealed that the use of this pathogen 
in pastures in New Zealand presents little or no risk to adjacent downwind crops due 
to the spore-trapping ability of the pastures combined with the ubiquitous nature of 
this pathogen and its relatively high ambient atmospheric spore density (Bourdôt et al. 
2006 and Bourdôt et al. 2011).
Another example of a broad spectrum fungal pathogen capable of controlling C. 
arvense in certain situations such as cereal crop production is Phoma macrostoma (Zhou 
et al. 2004). This pathogen is applied to the soil as a pre-emergent bioherbicide capa-
ble of controlling many herbaceous weeds, but does not harm most Poaceae species, 
making it an attractive alternative for broadleaf weed control where common phenoxy 
herbicides are no longer desirable or permitted for use (Bailey et al. 2011a). Safety to 
non-target plants is assured when used in selected situations since the infective prop-
agule applied is mycelium that has limited mobility and weak persistence (Bailey et al. 
2011b).
In their conclusion, Müller and Nentwig mentioned the possibility of unintended 
impacts on native, non-target thistle species. This indeed was a problem with the classi-
cal biocontrol insect, Rhinocyllus conicus (Gassmann and Louda 2001); however, there 
is no reason to believe that the prudent use of microbial pathogens as bioherbicides 
would have similar non-target impacts. This further emphasises the need to clearly 
distinguish the type of biological control intended when discussing host specificity 
requirements, and potential non-target effects.
Pathogens with broad spectrum activity are currently preferred from a commercial 
developmental perspective, since host-specific pathogens have limited market poten-
tial. For instance, the host-specific rust pathogen, Puccinia thlaspeos, was registered as 
a bioherbicide for control of Isatis tinctoria (dyer’s woad) (US-EPA 2002), but never 
became a commercial product due to lack of investor interest in such a specialised 
product (Bellgard 2008). Nevertheless, if demand was great enough, and the product 
produced cheaply enough, a bioherbicide based on a host-specific pathogen could be 
a viable product. Given that C. arvense is a particularly troublesome weed of global 
significance (Tiley 2010), a bioherbicide based on a host-specific pathogen could be a 
viable product, particularly if alternatives to synthetic herbicides are desired. The host-
specific rust pathogen, Puccinia punctiformis, has long been considered a potential bio-
control agent of C. arvense (Frantzen 1994), and conceivably could be formulated into 
a product in much the same way as P. thlaspeos, using dried, mulched, rust-infected 
plants (Thomson and Kropp 2004).
Müller and Nentwig (2011) also mentioned problems with “application possibili-
ties”, although they did not elaborate on what they meant by this. We imagine they 
might be referring to the inability to culture inoculum of the fungus, P. punctiformis. 
Whilst the strict host specificity and obligate biotrophic nature of P. punctiformis are 
constraints on its development as a bioherbicide, it does not rule out the possibility of 
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augmenting the effect of natural infestations of this fungus on C. arvense. Augmenta-
tion of the effect of this pathogen has been hampered by an incomplete understanding 
of how systemic infection is initiated (Cripps et al. 2009; Frantzen 1994). Neverthe-
less, enhancement of systemic rust disease has been achieved by spreading its spores 
during strategic mowing operations (Demers et al. 2006), and it is plausible that this 
effect could be enhanced further by mowing during rainfall (Bourdôt et al. 2011a).
effectiveness of bioherbicides
Müller and Nentwig claimed that “the varying and low virulence of the pathogens pose a 
problem (e.g., Alternaria cirsinoxia, Sclerotinia sclerotiorum, Phomopsis cirsii) as constant 
levels of virulence must be ensured for a successful inhibition of the growth of the target weed.” 
In the case of A. cirsinoxia, lack of efficacy, due to the inability of the pathogen to infect 
young leaves, and defensive mechanisms of the plant, were reasons this pathogen was 
considered unsuitable for bioherbicide development (Bailey 2004). However, the effica-
cies of S. sclerotiorum, P. cirsii, and many other pathogens, are not a limiting factor for 
their development into bioherbicides. Müller and Nentwig’s assumption that low and 
varying efficacy has prevented bioherbicides from commercialisation lacks a standard 
for comparison. The efficacy of synthetic herbicides might be considered a benchmark 
for measuring the effectiveness of bioherbicides, and would at least offer comparison to 
current control products that bioherbicides could replace or compete with.
Considerable variation among synthetic herbicides for controlling C. arvense has 
been well documented (Donald 1990). As a recent example, Enloe et al. (2007) com-
pared several standard commercial herbicides for control of C. arvense and reported 
that control ranged from 34 to 97 percent. Variation in the efficacy of particular her-
bicides for the control of C. arvense also varies with many factors including phenology 
of the weed (Miller and Lym 1998), season of application (Wilson et al. 2006), envi-
ronmental factors (Hunter and Smith 1972), and resistant ecotypes (Donald 1990). 
Thus, although reliability in the efficacy of a weed control product is highly desirable, 
it is often not realised in practice, even with currently marketed synthetic herbicides.
In particular, the variability in efficacy of a potential bioherbicide product based 
on Sclerotinia sclerotiorum was compared with two phenoxy herbicides, MCPA and 
MCPB. It was shown that the bioherbicide was no more variable in its efficacy under 
field conditions than the two synthetic herbicides and on average just as effective as 
MCPA (Bourdôt et al. 2007). Similar responses were observed in field trials using P. 
macrostoma and the standard herbicide mixture of 2,4-D, mecoprop and dicamba such 
that both products provided greater than 80% control of dandelion in 75% of the tri-
als (unpublished data, K. Bailey).
While considerable variation is often reported in the discovery and proof-of-con-
cept stages for a potential bioherbicide, much of the variation can be reduced by se-
lecting particular aggressive strains, and by amending the final formulation with adju-
vants that enhance and protect the pathogen (Ash 2010; Weaver et al. 2007). This was 
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demonstrated for P. cirsii as selected fungal strains were shown to be highly pathogenic 
(Leth et al. 2008), and adjuvants reduced the long necessary dew period that limited 
its potential (Leth and Andreasen 2000).
Another important point that Müller and Nentwig (2011) failed to emphasise is 
that C. arvense is difficult to control by any means, including biological and synthetic 
herbicides (Donald 1990; Tiley 2010). Control of C. arvense often requires multiple 
herbicide applications over several years (Donald 1990; Donald 1992), and can be 
improved by integrating herbicides with other techniques such as cultural (e.g. till-
age and mowing), (Beck and Sebastian 2000) and biological control (Sciegienka et al. 
2011). Thus, while bioherbicides on their own may not be the solution to control of 
C. arvense, their efficacy is not worse than other current control measures, and certainly 
not the reason for their absence.
Why are there no bioherbicides for Cirsium arvense?
With so much potential, why are there no bioherbicides for control of this important 
weed? The general dearth of bioherbicides has been addressed by other authors (Hallett 
2005), and in essence the reasons are bureaucratic and economic issues. The bureaucratic 
issues lie primarily with the onerous and costly government registration procedures that 
require bioherbicides to provide the same information necessary for synthetic herbicides 
such as human and environmental toxicology reports (Bailey 2010). However, more 
recently, some government agencies have relaxed their registration procedures for bio-
logically-based and other reduced-risk pesticides relative to the procedures required for 
new conventional pesticides in order to promote the development of lower-risk products 
(Bailey et al. 2010). The major impediment to the development of bioherbicides is the 
assurance of profitability to commercial investors. And the main limitation to profit-
ability is the cost of production, which for fungi typically involves solid-state or liquid 
fermentation on some sort of nutrient medium (Weaver et al. 2007). Similarly, the most 
common reason for discontinuation of previously marketed bioherbicides is that the cost 
of production is too high, and the market too small to justify production costs.
It is important to remember that contrary to classical biocontrol where agents (in-
sects or pathogens) are released for common good without proprietary right, the inten-
tion of innundative biocontrol is the development of a bioherbicide product that can be 
sold for profit in a competitive market (Auld 1991). This competitive herbicide market 
is currently dominated by cheaply-available glyphosate and phenoxy herbicides, which 
has been suggested as a primary reason for the absence of new synthetic herbicide modes 
of action over the past 20 years (Duke 2012). Bioherbicides offer increased safety and 
sustainability, however, these values are more difficult to quantify. In order for bioherbi-
cides registered for use against C. arvense to reach the market place there will likely need 
to be increased demand for alternative products through legislation restricting synthetic 
herbicides, and by placing greater value on the safety and sustainability aspects of bio-
herbicides (Boyetchko and Rosskopf 2006; Charudattan 2001).
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Conclusions
Müller and Nentwig (2011) can be commended for undertaking a review of an impor-
tant subject not thoroughly dealt with in other recent reviews, and for covering most 
microbial pathogens that have been considered for biocontrol of C. arvense.  How-
ever, we disagree with their conclusion that microbial control of this weed has been 
largely overestimated.  We believe their conclusion is based on erroneous reasoning and 
a disconnection with contemporary perspectives on bioherbicides. The unfortunate 
consequence of such an ill-informed review is that readers are left with the false im-
pression that bioherbicides are not a viable option for C. arvense control, and possibly 
other weeds as well.  Contrary to Müller and Nentwig’s reasoning, we have argued 
that specificity and efficacy of microbial biocontrol agents are not major limitations to 
their development as bioherbicides for C. arvense. Our perspective is that bioherbicide 
development is an underdeveloped approach with great potential, rather than overes-
timated.
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